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The azo dye Dispersion Yellow 3 is used in the carpet 
industry of Northwest Georgia and is discharged into the 
Coosa River of the Atlanta, Georgia region. This study was 
designed to assess the effects of this dye on oocyte develop¬ 
ment in Rana clamitans larvae. Larvae were injected sub¬ 
cutaneously with 0.4 ml of a 4 mg/ml solution of Dispersion 
Yellow 3 (DY 3) over a period of 14 days. This study has 
shown that DY 3 had no effect on R. clamitans larvae follow¬ 
ing the first two injections. Light and EM studies revealed 
that following the third injection of the dye, there was a 
general decrease in the appearance of interstitial tissue 
and a gradual removal of Tollicle cells from the surface of 
the oocyte. Following the seventh injection most of the 
iii 
interstitial tissue was no longer visible and follicle cells 
were no longer closely associated with oocytes. 
Ultrastructurally, tadpoles showed a disruption in the 
theca externa and disruption of follicle cells. Progressive 
separation of desmosomes resulted in an increase in the sur¬ 
face area of the intercellular matrix and a general dissocia¬ 
tion of the follicle cell-oocyte relationship. Associated 
with these changes was an increase in vesicles, smooth endo¬ 
plasmic reticulum, and an accumulation of lipid-like 
structures. There was also the appearance of multivesicular 
bodies, concentric membranous organelles, and granular endo¬ 
plasmic reticulum. 
Cytochemical data revealed that DY 3 caused a general 
increase in juxtanuclear particles following the first two 
injections of the dye and a general decrease in these parti¬ 
cles following subsequent injections. However, an increase 
in juxtanuclear particles occurred following the seventh 
injection. Associated with this were convolutions of the 
nuclear membrane. Aberrations observed in chromosomes from 
regenerating tail squashes suggested that the dye has a 
toxic effect. Gaps, dicentrics, rings, and breaks were 
found. 
These data have shown "that DY 3 affects the follicle 
cell-oocyte relationships and causes chromosome aberrations. 
Present knowledge of the toxic activity of DY 3 emphasizes 
iv 
the need for more information about the mutagenic hazards 
of this compound. 
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CHAPTER I 
INTRODUCTION 
There has been great concern in recent years over 
the environmental and toxicological effects of chemical 
agents. A vast number of experiments have been done to 
determine the mutagenic effect of several of these 
chemicals. Yoshida (1933) presented the first conclusive 
evidence of the carcinogenicity of an azo dye by showing 
that 2',3-dimethyl-4-aminoazobenzene (o-aminoazotoluene, 
AAT)(II) induced epithelial proliferation in experimental 
animals. Other studies have shown that subcutaneous 
injections of trypan blue caused extensive reticulosis 
(Gillman et al., 1948). Eight azo dyes (Food Red 17, 
Amaranth, Ponceau 6R, Scharlach GN, Fast Yellow AB, Orange 
GGN, Black 7984, Chrysoin S), analyzed for their effect 
on the liver and blood of weaned pigs, resulted in only 
one (Chrysoin S) inducing a toxic macrocytic, hemolytic 
anemia (Sondergaard et al., 1977). The other seven dyes 
did not produce any toxic effects on the liver and blood 
parameters. Since the use for synthetic colors has 
increased, it would appear that these dyes should be 
subjected to extensive tests for mutagenicity in a variety 
of animals. 
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The question that stimulated this study was whether 
dyes used in the carpet industry are mutagenic to 
vertebrates and, if so, do these dyes interfere with 
oogenesis in such a way that might be reflected in 
subsequent developmental stages. 
The toxic effects of Dispersion Yellow 3 (DY 3), an 
azo dye used by the carpet industry, which is subsequently 
dumped into the Canasauga River, has been proven to be 
mutagenic to microorganisms. However, nothing is known 
of its effect on the germinal cells of vertebrates. With 
a continued increase in dumping dye residue into the river, 
the dye's effect on the processes of oogenesis should be 
carefully studied. This study has been undertaken to 
investigate the effects of DY 3 on oocytes in Rana clamitans 
tadpoles with the following objectives in mind: 
(1) To determine whether changes in the fine structure 
of the ovary occur after injections of the dye. 
(2) To determine through cytochemical analysis if any 
chemical alterations are caused by the action of the dye. 
(3) To determine through cytological analysis if any 
chromosomal damage occurs after injections of the dye. 
CHAPTER II 
REVIEW OF LITERATURE 
Certain chemical and physical agents have been shown 
to be mutagenic in living organisms. The mutagenic effects 
of several chemicals were demonstrated during the early 
years of World War II. At that time Auerbach and Robson 
(1947) were engaged in a study of the effects of war gases. 
They noted that mustard gas burns were similar to X-ray 
burns in that they showed inhibited mitosis. These facts 
caused them to speculate that mustard gas might have a 
mutagenic effect in, for example, Drosophila. Auerbach 
(1973) reported that Oehlkers, a German investigator, 
observed that after injecting urethane into flowerbuds of 
the plant Oenothera, there was an increase of chromosome 
aberrations. Meanwhile, Rapoport (Auerbach, 1973) reported 
the mutagenic effect of formaldehyde and various other com¬ 
pounds in Drosophila. Auerbach (1940, 1949, 1958) and 
Fahmy and Fahmy (1953, 1956) investigated the effects of 
mustard gas and other various compounds on spermatogenesis 
in Drosophila. These and other experiments led to several 
investigations designed to determine the mutagenic effects 
of certain chemicals. Today many different types of chemi¬ 
cals are known that produce mutagenic effects. 
Mercury is one of several environmental pollutants 
3 
4 
that has been shown to be hazardous to mammals. Since 
the massive outbreak of mercury intoxication in Minamata 
Bay, Japan, in the early 1950's, methyl mercury has been 
recognized as one of the most hazardous environmental 
pollutants (Takeuchi et al., 1962; Okinaka et al., 1964). 
Studies have been performed by several investigators 
(Brown and Yoshida, 1965; Chang ejt aJ. , 1974; Fowler, 1971; 
Lucier et al., 1971; Desnoyers et aA., 1973) on toxic 
changes in the nervous system, the kidney and the liver 
produced by various mercury compounds (both organic and 
inorganic). 
Mercury research on whole animals, however, has resulted 
in significantly different reactions from tissue to tissue 
within a single animal (Brubaker et al., 1971). Thrasher 
(1973) reported that in Tetrahymena, methyl mercuric chlo¬ 
ride inhibited the uptake of (^H) thymidine into DNA but did 
not affect the incorporation of labelled leucine into 
protein. Mouse L-cells also showed depressed incorporation 
of uridine and thymidine after having been treated for 1 hr 
with either organic or inorganic mercury (Nakazawa et al., 
1975). Yet, the mechanisms responsible for these effects 
have not been found. 
Lamperti and Printz (1973) observed that mercuric 
chloride has several effects on the reproductive system of 
the hamster. They reported that there was inhibition of 
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follicular maturation, morphological prolongation of the 
corpora lutea, and alteration of progesterone levels. 
They stated that these changes may have occurred because 
mercury had a direct effect on the ovary, pituitary, or 
hypothalamus. Chang et^ aJ. (1974) reported that methyl- 
mercury prevented metamorphosis in tadpoles; whereas, 
Dial (1976) reported that it caused teratogenic effects 
at low concentrations. 
Since the discovery by Gillman et aJ. (1948) that 
trypan blue injected into pregnant rats caused a wide spec¬ 
trum of malformations in the offsprings, this dye has been 
widely used in the investigation of teratogenesis in a 
variety of vertebrate species. Greenhouse et al. (1969) 
reported that mouse yolk sacs which had been exposed to 
trypan blue had accumulated dye within all cells of the 
parietal endoderm. Greenhouse and Hamburgh (1968) further 
stated that in amphibians (which develop without benefit of 
a protective yolk sac barrier), the critical period of 
sensitivity to trypan blue coincides with the stages of 
development generally referred to as gastrulation and 
early neurulation. They have also shown that the spectrum 
of malformations induced in amphibian embryos exposed to 
the dye is similar to that obtained in fetuses from trypan 
blue treated mothers. 
Greenhouse and Hamburgh (1968) stated that during 
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gastrulation the mechanism in both amphibians and mammals 
is similar in that the cells of both types of embryos are 
exposed directly to the dye. There is considerable evi¬ 
dence to indicate that the dye does not enter the cells of 
embryonic tissues proper; therefore, the hypothesis is that 
trypan blue-induced teratogenesis possibly operates at the 
cell surface. 
The most frequent abnormalities observed after exposure 
to trypan blue were pseudencephaly, microcephaly, abnormal 
closure of the neural folds, aberrant growth of the noto¬ 
chord, kinky tails (Waddington and Carter, 1953; Hamburgh 
and Callahan, 1967), and anophthalmia (Beck, 1967). Other 
investigators such as Gillman et aJ. (1948) observed simi¬ 
lar results in hamsters. Callaway (1976) reported that 
chicken embryos exhibited rumplessness, growth retardation 
from crown to rump, microphthalmia, and red hematomas. 
She also indicated that the most frequently occurring mal¬ 
formation was rumplessness. 
Ahmad and Billett (1977) reported that the effects of 
X-rays on reproductive organs has been known since 1903. 
They also reported that the studies on the testes of rats 
by Bergonic and Trnbondeau (1904), Wakelin-Barratt (1912), 
and Hooker (1925) provided conclusive evidence of a 
characteristic type of gonadal degeneration. Ahmad and 
Billett (1977) also studied the effects of X-rays on the 
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gonads of amphibian larvae. They observed that irradiation 
affected both the size of the gonads and the number of cells 
present. 
Actinomycin D has been reported to induce nucleolar 
segregation in cells cultured In vitro. These include HeLa 
cells, Chang liver cells, baboon kidney cells, avian leukemic 
myeloblasts, explanted amphibian embryonic tissues and others 
(Barcellona and Brinkley, 1973). 
Since dyes are used in foods, drugs, cosmetics, and 
textiles and have been shown to produce sarcomas after sub¬ 
cutaneous injections in rats (Schiller, 1937), discussions 
have now arisen about the use of synthetic colors, especially 
azo dyes. Fischer (1906) found that the injection of 
scarlet red (I) into the ears of rabbits caused the formation 
of atypically epithelial growths. He further stated that it 
was difficult to distinguish these growths histologically 
from cancers. Yet, unlike true cancers, these growths always 
receded when the chemical stimulus was removed. Other 
investigators confirmed Fischer's findings and this led to 
scarlet red being used clinically to stimulate the healing 
of epithelial tissues. Schmidt (1924) observed that after 
feeding scarlet red to mice as iji vivo fat stain, there was 
extensive proliferation of the epithelial cells of the liver. 
Yoshida (1933) demonstrated conclusively the carcinogenicity 
of an azo dye when he observed that rats developed 
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hyperplastic proliferation of liver cells after they were 
fed a rice diet which contained o-aminoazotoluene, AAT 
(which is part of the scarlet red molecule). Other investi¬ 
gators such as Heep (1936) failed to confirm Schmidt's 
observations. Later studies by Hartwell (1941) did confirm 
the carcinogenicity of the dye in liver cells of both rats 
and mice. Miller and Miller (1947) reported that feeding 
azo dyes to rats resulted in early and progressive changes 
in the histology of the liver. They regarded these changes 
as being of a hyperplastic nature, resulting in degenerative 
changes and loss of regular structure of the liver. Opie 
(1947) also considered the primary changes in the liver to 
be degenerative. He further stated that these changes led 
to a reduction in the amount of cytoplasmic nucleic acid. 
To date no published toxicologic studies have been 
found that show whether azo dyes have an effect on the 
germinal cells of man and domestic animals. In view of a 
potential widespread increase in the number and kinds of 
contaminants in our water supply, it is thus important to 
test azo dyes and other chemicals for possible mutagenicity 
in mammals since man is exposed to mutagens in food and 
drinking water. 
According to an EPA report (1974), organic compounds 
that are identified with the textile industry are entering 
streams in the Coosa Basin through discharges from 
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wastewater treatment plants at Dalton and Calhoun, 
Georgia. It was also reported that several carpet 
industries are present in and near Dalton and in the area 
between Dalton and Calhoun. 
Bender and Sheehy (EPA Report, 1976) observed that 
both the chlorinated and unchlorinated water samples from 
the Dalton wastewater treatment plant were mutagenic in 
microorganisms. In order to locate the mutagens that were 
causing the contamination of the Dalton water samples, they 
assayed a number of effluents from the carpet industries 
of northwest Georgia. Tincher (1975) reported that the dyes 
were probably entering the Canasauga River from the Dalton 
plant since the outflow from the wastewater treatment plant 
was a deep yellow-orange color. 
From routine testing, Bender (1977) reported that the 
dyes used by the carpet industry in Georgia caused mutations 
in microorganisms. This observation resulted from the 
application of the Ames test. The possibility that these 
dyes could affect germinal cells prompted us to do a series 
of investigations on effects of some of these dyes on 
oocyte development and associated follicle cells in a 
developing system. 
The dyes assayed by Bender (1977) represented approxi¬ 
mately 65% of the total bulk of dyes used in the North 
Georgia Carpet industries. Of the 13 dyes assayed, six were 
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mutagenic in very low concentrations (10ug/plate) to 
microorganisms. The textile dye used in our study is 
Dispersion Yellow 3 (DY 3). Of the approximately 30 dyes 
used by the carpet industry, DY 3 has been shown to be 
highly mutagenic to microorganisms. 
This compound is represented by the following 
chemical structure: 
HO 
CH3C0- HN<^ >-N = N—> 
CH3 
p-Aminoacetanilide — p-Cresol 
Wright (1977) reported that the most prevalent metals 
in dye effluents are chromium, lead, copper, mercury and 
nickel. Zinc, copper and chromium were reported by this 
investigator to be present as an integral part of numerous 
dyes. Weis and Weis (1977) reported that heavy metals as 
pollutants are generally discharged as a result of industrial 
processes and are a major problem because of their toxicity. 
According to Tincher (1975) the total quantity of all 
dyes used by the carpet industry in 1974 was 5,833,253 
pounds, with 978,227 being DY 3. Tye total amount of dye 
discharged was 171,234 pounds, with 17,217 pounds of that 
being DY 3. The primary recipient of these textile dye 
effluents was water. Along with the approximately 20 gal 
of water required to process each pound of carpet, large 
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quantities of organic and inorganic chemicals used in 
various carpet manufacturing steps were also discharged 
with the dye effluents. In many cases the identities and 
concentrations of the chemical species being discharged are 
not known and their possible effects on water quality can¬ 
not, therefore, be evaluated. 
Tincher (1975) reported that DY 3 has been shown to 
be toxic to the fathead minnow. The chemical was ad¬ 
ministered orally and had a toxicity of TL 50:>180 mg/L. 
TL 50 represents the lethal concentration at which 50% 
of the organisms are killed. Using the textile dye Acid 
Yellow 135 (AY 135), Wright (1977) observed malfunctions 
in fertile eggs of White Leghorn chickens. She detected 
hemorrhaging, microphthalmia, anophthalmia, stunted growth, 
exposed viscera and feather inhibition. Necrosis of lens 
fibers and abnormal appearance of lens epithelium were 
observed from histological analysis. She also indicated 
that hemorrhaging was evident in the kidney and liver. 
Mutagenic agents may also produce different kinds of 
genetic changes: (1) mutations, (2) chromosome breaks 
that can result in chromosome aberrations, and (3) gains 
or losses of chromosomes at cell division. These three 
genetic changes may originate in any cell of the body, but 
transmission to descendents occurs only if the genetic 
changes originate in the germ cells. Subsequently, one 
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must ask if the agents which man is ingesting by mouth, 
lungs, or other routes retain or acquire mutagenic activity 
once they reach the gonads. 
One must have a thorough understanding of the mechanics 
of mutation production in order to begin answering the above 
question. It is known that mutations are changes of the 
individual genes at the level of the nucleotide bases. For 
this to occur, there must be a transition which will cause 
a change in the genetic code and thus a wrong amino acid 
will be incorporated during protein synthesis or, possibly, 
synthesis of the protein in question is stopped at a pre¬ 
mature stage (Sobel, 1976). Alkylating agents and base 
analogs, such as 5-bromouracil or 2-aminopurine, may bring 
about a transition of base pairs. Simple substances, like 
nitrous acid and hydroxylamine, may also cause extreme 
activity with DNA bases. As for the mechanism of mutation 
for the azo or basic dyes of the acridine type like 
proflavine, it has been suggested that dyes become inter¬ 
calated between base pairs and distortion of the sugar- 
phosphate backbone of the DNA molecules produces deletion 
or insertion of base pairs, thereby causing a change of the 
genetic code (Sobel, 1976). 
Neubert (1974) stated that before chemical compounds 
can exert a toxic (mutagenic) effect, the compounds are 
subject to the basic principles of pharmacokinetics and 
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metabolism. Therefore, when a chemical agent is given to 
a mammalian organism, it is absorbed and then distributed 
by the blood stream. As the compounds enter tissues and 
organs, and penetrate membrane systems, chemical reactions 
may take place before a pharmacodynamic action occurs; 
thus, metabolites formed may provoke unwanted toxic side- 
effects before being excreted. For instance, it has been 
observed that in Drosophila, treatment of spermatozoa with 
chemicals can show effects very late in ontogeny. 
Other investigators (Miller and Miller, 1947; Miller, 
1947) proposed that once DAB (4-dimethylaminoazobenzene or 
butter yellow) has been administered, it is metabolized to 
a derivative (the primary carcinogen) capable of combining 
with certain liver proteins (the initial sites of action). 
They reported that the binding of these proteins with the 
dye metabolite reduces or prevents further synthesis of the 
proteins. Therefore, subsequent generations would possess 
cells with less and finally none of the proteins attacked 
by the dye. It was also reported that the soluble proteins 
which bind the dye may not be the key proteins, but may 
serve as indicators of similar reactions in another part 
of the cell. 
Subsequently, there are many factors which determine 
whether a chemical substance reaches and reacts with the 
critical genetic targets in mammals (Matter, 1976). Among 
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them are the chemical structure of the compound, route of 
administration, duration of treatment, absorption, 
distribution, drug-protein binding, metabolic transforma¬ 
tion, excretion, pharmacogenetic make-up of the animals 
studied, membrane barriers, amount of SH groups concentra¬ 
tion of compound and others. 
It can be seen that the problems involved in the 
evaluation of dyes used by the textile industry are many. 
Yet, the concern is whether the dye effluents from the 
Dalton, Georgia wastewater plants are mutagenic and/or 
cancer causing? Are cities doing enough to remove organic 
chemicals from drinking water? Since there are more than 
300 organic chemicals present in trace amounts in drinking 
water, is drinking water a cause of cancer? 
It is likely that at the present time most of the or¬ 
ganic compounds in drinking water have not been examined. 
Therefore, no studies are available on the effects of tex¬ 
tile dyes on such germinal elements as oocytes. Also, 
studies detailing the effects on humans of long term inges¬ 
tion at very low levels of organics in drinking water is 
not known. Thus, the relevance of the results to man is 
still open. Therefore, an ultrastructural study of the 
effect of textile dyes on oocyte development would make us 
aware of some of the effects on the developing oocyte and 
its associated follicle cells. 
CHAPTER III 
MATERIALS AND METHODS 
Rana clamitans larvae used in this investigation were 
obtained from NASCO Biologicals, Fort Atkinson, Wisconsin. 
They were maintained in large aquaria of aged tap water. 
At the time of experimentation selected organisms for 
controls and expérimentais were separated and maintained 
in seperate aquaria. Experimental organisms to be sacri¬ 
ficed were isolated in large finger bowls. All organisms 
were fed a diet of commercial tadpole food. 
Dispersion Yellow 3 was obtained as a powder from 
Dr. Wayne Tincher, at the School of Textile Engineering, 
Georgia Institute of Technology. It was prepared at a 
concentration of 4 mg/ml in 0.65% saline which, according 
to Humason (1962), is physiological for amphibians. 
Application and Dosage of DY 3 
All larvae were anesthetized in 0.003% Tricaine 
Methanesulphonate (MS-222) in an ice bath for a duration 
of no more than 5 min. Tadpoles were injected sub¬ 
cutaneously as follows: Controls received 0.4 cc of 
0.65% saline and expérimentais 0.4 cc of Dispersion 
Yellow 3 (DY 3). Injections were continued for a period 
of 7-14 days, with the injections occuring every 24 hr 
until 2.8 cc had been given each experimental organism. 
Tadpoles were sacrificed, beginning on the second day of 
15 
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injection. The last tadpole was sacrificed 12 hr after 
the last injection. 
DY 3 was used at concentrations of 2 mg/ml, 4 mg/ml, 
and 6 mg/ml in 0.65% saline. These different concentra¬ 
tions were used to determine the tolerance level and 
whether any gross effects were produced. The final 
concentration used throughout this investigation was 
4 mg/ml. The lethal concentration at which 50% of the 
organisms died was 6 mg/ml. 
Histological Procedures 
Light Microscopy 
Tadpoles were over-anesthetized in 0.003% MS-222 for 
at least 45 min. They were rinsed in 0.65% saline and 
placed in Bouin's or Zenker's fixatives for 2-24 hr. In 
most instances, the ovaries were isolated. All tissue 
was washed overnight in running water and dehydrated in 
a graded series of ethanol, cleared in xylol, and embedded 
in paraffin. Sections cut at 5-10 u were stained by several 
methods: hematoxylin and eosin, of which several modifi¬ 
cations were used: Groat's Variation of Weigert's 
hematoxylin (Groat, 1949); Delafield's hematoxylin 
(Carlton, 1947); Harris I, Progressive Method. Giesma 
(Wolbach Modification, Mallory, 1944) and the Feulgen 
method were used for nucleic acids. The stained sections 
were mounted in kleermount or permount; photomicrographs 
17 
were taken of representative sections showing oocytes and 
their closely applied follicle cells. 
All sections were viewed under the light and phase 
contrast microscopes and photomicrographs taken of selected 
sections using the American Optical ExpoStar Microscope/ 
Polaroid Camera Assembly. 
Electron Microscopy 
Ovarian material was removed from the tadpole and 
placed directly into the primary fixative. Several fixa¬ 
tion procedures were initially attempted. The primary 
fixative which gave the best results was cold 4% glutaral- 
dehyde buffered in 0.1M cacodylate, pH 7.4. When using 
this fixative, the material was fixed for 3 hr and allowed 
to come to room temperature. Following fixation the tissue 
was : 
a. Washed in three changes of 0.IM cacodylate buffer 
for 3 hr at room temperature. 
b. Post-fixed in cold buffered 2% osmium tetra- 
oxide for 30 min and allowed to come to room 
temperature. 
c. Washed in three changes of 0.1M cacodylate 
buffer at room temperature for 3 hr. 
After washing, the material was dehydrated in an 
ethanol series that consisted of 10 min each in 30-50-70 
and 80% ethanol, 10 min each in 2 changes of 95% ethanol, 
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and 3 changes of absolute ethanol (10 min each). The 
tissue was subsequently carried through 2 changes (30 
min each) of propylene oxide for final dehydration. 
When Ladd low-viscosity embedding medium was used, the 
step employing propylene oxide was eliminated. 
Following dehydration, the material was infiltrated 
by placing it in a 3:1, 1:1, 1:3 ratio of propylene oxide 
and the embedding mixture. Ladd's (1976) and Spurr's 
( 1969).embedding media were used. When using Spurr's, 
the medium was added to the vial containing the tissue by 
increasing the concentration of Spurr's to about 1:1, 
Spurr's-propylene oxide mixture in a 3- or 4-step process. 
The tissue was infiltrated overnight in the 1:1 Spurr's- 
propylene oxide mixture. Afterwards, the embedding mix¬ 
ture was replaced with fresh full-strength Spurr's and 
the tissue allowed to infiltrate for 1 hr. When using 
Ladd's, infiltration was completed with absolute alcohol 
and the embedding mixture. Following infiltration, the 
tissue was embedded for sectioning. 
Sections were cut with a glass knife on a LKB III 
8800 ultramicrotome and mounted on 200 mesh copper grids 
coated with formvar. Mounted sections were post-stained 
for 30 min in uranyl acetate (Watson, 1958) and 3-5 min 
in lead citrate (Reynolds, 1963). Sections were examined 
in a RCA EMU-4 electron microscope at 100 KV. All micro¬ 
graphs were taken on 3J" X 4" Kodak electron microscope 
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film and developed in D-19. Photographic images were 
enlarged on a Durst S-45 EM Enlarger and printed on 
Kodabrome RC paper. 
Cytochemical Procedures 
Several cytochemical experiments were completed 
after the first, third and seventh injections. Controls 
were injected with 0.65% physiological saline. Non-in- 
jected tadpoles were used as standards. Expérimentais 
were treated as previously described. 
Ovarian material was isolated and the following 
tests were performed: 
Methyl Green-Pyronin Y 
Tissue was fixed in Lillie's acetic-alcohol- 
formalin at 4 C for 24 hr, wa.shed in distilled water, 
dehydrated, cleared, embedded, sectioned at 5y, deparaf- 
finized and hydrated to water. After hydration, tissue 
was subjected to the following procedures: 
a. One set of control slides was treated for 
removal of both nucleic acids with hot 5% TCA 
(trichloroacetic acid, 90-98 C) for 30 min. 
b. A second set of control slides was treated for 
removal of RNA by treating the slides in 1 N 
HC1 at 60 C for 5 min. 
c. A third set of control slides was treated 
the same as the expérimentais. 
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d. All slides (controls and expérimentais) were 
rinsed gently in distilled water. 
e. The slides were stained in methyl green for 
6 min. 
f. Immediately following staining, the slides were 
blotted and immersed in 2 changes of n-butyl 
alcohol for several minutes. 
g. Slides were stained in pyronin Y for 30-90 sec. 
h. All slides were cleared in cedarwood iol, dehy¬ 
drated, and mounted in permount. 
Sulfhydryl Groups 
Ovaries were fixed in 10% formalin at room temperature 
for 3 hr and then rinsed in distilled water. Fresh or 
sectioned material was then immersed in 5% aqueous zinc 
acetate for 1 min and immediately rinsed in distilled 
water. Material was subsequently treated with sodium 
nitroprusside which contained 2% concentrated ammonia. 
This generally showed a red color within 20-25 min. All 
material was then washed in distilled water and mounted 
in permount. 
Glycogen Test 
The technique used was as modification of McManus 
and Mowry (1958) Best's Carmine Method. Material was 
fixed in cold 1% formalin prepared in absolute alcohol. 
Dehydration was done in 95% alcohol and after material 
was sectioned, it was mounted in 95% alcohol instead of 
21 
water. 
A set of control slides was treated with saliva and 
incubated for a short period of time. These slides were 
not coated with 1% celloidin. Another set of control 
slides was treated the same as experimental slides. 
The staining procedure consisted of deparaffinizing 
the slides and coating them with celloidin. The procedure 
is as follows : 
a. The slides were transferred into absolute alcohol 
for 3 min. 
b. Slides were coated with 1% celloidin and allowed 
to dry in the air slightly. 
c. All slides were dipped 2 or 3 times in 70% alco¬ 
hol and then into tap water. 
d. Slides were then stained in Mayer's hematoxylin 
for 5 min, washed and then blued in Scott's 
solution, and washed again. 
e. All slides were stained in Best's carmine for 
15-30 min and treated with a differentiating 
fluid for 5-15 min. 
f. All slides were rinsed quickly in 80% alcohol and 
then dehydrated, cleared and mounted. 
Another technique used in the study for glycogen was 
a modification of Bevelander and Johnson (1946). The tis¬ 
sue was fixed for 24 hr in Carnoy's at room temperature, 
washed for 24 hr and dehydrated in 95% alcohol. After 
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material was sectioned, it was mounted in 95% alcohol in¬ 
stead of water. This was done to prevent the loss of 
some of the glycogen. 
Slides were then flooded with Lugol's solution at 
40 C before removal of the paraffin with xylene. After 
removal of the paraffin, the sections were then flooded 
with a saturated solution of iodine in 100% alcohol and 
mounted in permount. 
Photographs were taken of representative sections on 
an American Optical ExpoStar Microscope/Camera Assembly. 
Larval Tail-Squash Preparations 
Controls were injected with 0.4 cc of 0.65% saline 
and expérimentais 0.4 cc of Dispersion Yellow 3 (DY 3). 
After the sixth injection a portion of the tail was re¬ 
moved and allowed to regenerate for 5-7 days. 
After removal of a portion of the tail, non-injected 
controls and expérimentais were placed in 800 ml of aged 
tap water in large finger bowls. To the water containing 
expérimentais 0.8 cc of DY 3 was added. All preparations 
were changed daily. 
All regenerating tails were treated, using modified 
techniques of DiBerardino (1962), Hennen (1963), and 
Patterson and Hunt (1971), as follows: 
a. Tails were placed in a 0.1% colchicine solution 
for 1-lJ hr. 
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b. The tails were pretreated for 2-3 hr in distilled 
water at room temperature (Patterson and Hunt, 
1971). 
c. All material was fixed in 1:1 acetic acid and 
ethanol for 2-24 hr and immersed in 1% acetic- 
orcein for 4 to 3 hr (Hennen, 1963). 
d. Tail pieces were placed on nonalbumenized slides 
and covered with glass cover slips. 
e. All preparations were squashed by placing a paper 
towel on top of the slide (to absorb excess stain) 
and pressure applied with the hand. 
f. Slides were then observed to determine the quality 
and quantity of mitotic preparations. 
Slides were made permanent by freezing the preparations 
on dry ice. After the slides were thoroughly frozen, the 
cover slip was removed and the squashed material remained 
attached to the slide. Material was dehydrated for 2 min 
in 70-95-100% ethanol, 2 min in 1:1 ethanol and xylene, 
and then placed in xylene. Kleermount and permount were 
used as the permanent mounting media. 
Slides were observed microscopically with the aid of 
a blue filter. Photomicrographs were taken with 135 mm 
high contrast film, Kodak plus-X pan film, or Kodak tri-X 
pan film on an American Optical ExpoStar microscope. In 
some instances a green filter was used for contrast enhance¬ 
ment. 
CHAPTER IV 
EXPERIMENTAL OBSERVATIONS 
The effects of subcutaneous injections of DY 3 on 
oocytes and their associated follicle cells have been 
determined. The results will be presented as follows: 
gross, histological, cytochemical, and ultrastructural 
features. 
Gross Features 
The general appearance of the 336 larvae used in this 
study was normal. Tadpoles injected with 0.65% physiolo¬ 
gical saline (Fig. 1) were comparable to those of non¬ 
in jected larvae. Larvae injected with DY 3 (see Table 1) 
displayed extensive edema (Fig. 2). Occasionally disten¬ 
sion of the hind legs was observed after the third and 
succeeding injections. Hemorrhaging was also a common 
feature following the third injection (Figs. 3-4), with 
sores often appearing on the lower body area (Fig. 4). 
Some larvae were examined internally. In the controls 
the liver was bright red (Fig. 5); however, in the expéri¬ 
mentais it was darker in color and speckled with orange 
spots (Fig. 6). Internal hemorrhaging was also observed 
in these larvae (Figs. 6 and 7). 
Injected larvae showed erratic movements that resulted 
in abnormal swimming postures. The tadpoles tended to 
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Fig. 1 
Fig. 2 
. Photomicrograph of a control tadpole 
injected with 0.65% saline. 
. Photomicrograph of an experimental 
tadpole injected with DY 3. Note 
edematous body. 
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Table 1. Summary data on mortality of larvae receiving 
injections of DY 3. 
Injection 
Number 
Mortality 
Controls 
(123) 
Expérimentais 
(213) 
Total 
1 0 11 11 
2 2 13 15 
3 3 48 51 
4 0 31 31 
5 0 14 14 
6 0 13 13 
7 1 9 10 
Totals 6 139 145 
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Fig. 3-4. Photomicrographs of DY 3 injected tadpoles. 
Note the presence of sores on the ventral 
side of the body (arrows). 
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Figs. 5-7. Photomicrographs showing internal 
viscera. 
5. Note the absence of hemorrhaging and 
the red color of the liver. 
6-7. Note the presence of hemorrhaging and 
the red and orange speckled liver. 
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remain close to the surface of the water and displayed 
some difficulty in external respiratory behavior. 
Generally those tadpoles displaying these symptoms died 
within 24 hr post-injection. At the time of death all of 
them showed distension and swelling and large amounts of 
clear fluid were found within their bodies. These ob¬ 
servations are summarized in Table 2. 
Histological Features 
Light microscopic observations of both controls and 
expérimentais extended over a period of 15 days and a to¬ 
tal of 7 injections of 0.4 cc of 4 mg/ml of DY 3. The 
normal ovary is full of oocytes (Fig. 8) surrounded by 
epithelial cells. Some of these cells will form inter¬ 
stitial tissue for the differentiating oocytes, as shown 
in Figs. 9, 10, 11, 13. The remaining epithelial cells 
became a closely related monolayer of follicle cells 
(Figs. 10, 11). At first flat and few in number, the 
follicle cells later completely encircle the oocyte 
(Fig. 10). Although they will eventually increase in 
number and size, they remain arranged in a single layer. 
The follicle cells are enveloped by a layer of connective 
tissue. Eventually this layer differentiated into the 
theca interna and theca externa. Raven (1961) reported 
that the theca externa consists of loose connective tis¬ 
sue that is rich in blood vessels. 
A large, oval germinal vesicle (Fig. 12) was found 
Table 2. Some gross observations on tadpoles injected with varying amounts 
of Dispersion Yellow 3 (mg/ml) • 
Time (hr)/ Amount Injected 
after inject. 0.4 - 0.8 ml 1.2 - 1.6 ml 2.0 - 2.4 ml 
1 No observable effect Erratic movement Erratic movement, 
abnormal swimming 
posture, color of 
dye in skin 
to 
6 No observable effect Erratic movement Difficulty staying 
abnormal swimming upright 
posture 
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No observable effect 
No observable effect 
Abnormal swimming 
posture, difficult 
breathing, 50% 
mortality 
Color of dye in 
skin, feces, 40% 
mortality 
Abnormal swimming 
posture 
Abnormal swimming 
posture, swims on 
side 
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Fig. 8. Photomicrograph of longitudinal section of 
a control showing an ovary full of oocytes. 
The oocytes are surrounded by epithelial 
cells. 45X 
Fig. 9. Photomicrograph of longitudinal section of 
a control showing oocytes and interstitial 
tissue. 45X 
Fig. 10. Photomicrograph of longitudinal section of 
a control showing a monolayer of follicle 
cells. 100X 
à 
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Fig. 11. Photomicrograph of longitudinal section of 
a control showing follicle cells. The mono- 
layer of follicle cells is closely applied 
to oocytes. 45X 
Fig. 12. Photomicrograph of longitudinal section 
showing a large, oval germinal vesicle. 
45X 
Fig. 13. Photomicrograph of longitudinal section of 
a control showing germinal vesicle. There 
is less germinal vesicle material than 
cytoplasmic material. Note the presence of 
chromatin material and large basophilic 
nucleoli. 100X 
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within the center of the oocyte. Later, however, it assumed 
an eccentric location and lay just beneath the egg surface. 
This structure is referred to as a germinal vesicle instead 
of as a nucleus in this study, because the oocyte is in a 
stage of rather slow growth. This prevailed until the 
oocyte was ready to enter a phase of rapid growth where it 
will retain its final size. As shown in Fig. 13 there was 
less nuclear material than cytoplasmic material. Within 
the germinal vesicle is chromatin material (Figs. 8-13) 
which is characteristic of the so-called lampbrush chromo¬ 
somes (Figs. 10,14). Using such stains as Groat's, Feulgen, 
and Giemsa, it was observed that the oocytes are basophilic. 
The germinal vesicle also contains large basophilic nucleo¬ 
li.(Figs. 8, 11, 13, 14). 
Sections of ovaries from experimental larvae showed 
that there was no change in the basophilic appearance of 
oocytes after injections of DY 3 (Figs. 14-19). Following 
the first two injections, as shown in Fig. 14, the follicle 
cells remained closely associated with the developing 
oocyte. The nucleoli within the germinal vesicle and the 
interstitial tissue retained their basophilia (Fig. 15), 
but there was less interstitial tissue following the third 
and fourth injections of the dye (Fig. 16). Associated 
with this change was a disruption in the follicle cell- 
oocyte relationship. The follicle cell was not as closely 
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Fig. 
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14. Photomicrograph of longitudinal section of 
an experimental injected twice with DY 3. 
The follicle cells are no longer closely 
associated with the developing oocytes. 
100X 
15. Photomicrograph of longitudinal section of 
an experimental after the third injection 
of DY 3. Note the basophilia of nucleoli and 
interstitial tissue. 100X 
16. Photomicrograph of longitudinal section of 
an experimental after the fourth injection 
of DY 3. There is less interstitial tissue. 
100X 
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17. Photomicrograph of longitudinal section of 
an experimental injected five times with 
DY 3. There is an interruption in the 
follicle cell-oocyte relationship. 100X 
18. Photomicrograph of longitudinal section of 
an experimental after the sixth injection 
of DY 3. Most of the interstitial tissue 
is no longer visible. 45X 
19. Photomicrograph of longitudinal section of 
an experimental injected seven times with 
DY 3. There is complete removal of the 
follicle cells and alteration in chromosome 
morphology. 100X 
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applied to the oocyte as previously observed (Fig. 17). 
Most of the interstitial tissue was no longer visible 
(Fig. 18) following the sixth injection. This apparent 
loss of interstitial tissue was associated with a de¬ 
crease in the number of follicle cells. Following the 
seventh injection, the remaining follicle cells were no 
longer closely associated with the oocyte (Fig. 19). 
With the seventh injection, there was an apparent altera¬ 
tion in chromosome morphology (Fig. 19). 
Cytochemical Features 
Methyl Green-Pyronin Y 
Information obtained from control paraffin sections 
stained with methyl green-pyronin Y indicates the specific 
localization of RNA. The differential staining with this 
technique revealed RNA within follicle cells, oocyte 
cytoplasm, and nucleoli (Fig. 20). The presence of RNA 
was denoted by a pink to red color with pyronin Y. The 
localization of RNA was confirmed using 1 N HC1 which 
removed RNA. Figure 21 represents material treated with 
1 N HC1. There was basically no difference in the 
nucleolar and cytoplasmic staining from that observed in 
controls before removal of RNA. Following removal of RNA, 
no staining with pyronin Y was evident, indicating that 
the reactions with this stain might be due to RNA. Sec¬ 
tions extracted both for DNA and RNA were completely 
negative to methyl green and pyronin Y (Fig. 22). 
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20. Photomicrograph of a cytochemical control 
showing the presence of RNA within the 
oocyte cytoplasm. Methyl Green-Pyronin Y. 
45X 
21. Photomicrograph of a cytochemical control 
treated with IN HC1. Note the absence of 
RNA within the oocyte cytoplasm. Methyl 
Green-Pyronin Y. 45X 
22. Photomicrograph of a cytochemical control 
treated with trichloroacetic acid (TCA). 
Note the absence of both RNA and DNA within 
the oocyte cytoplasm. Methyl Green-Pyronin Y. 
45X 
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The results obtained with sections of ovaries from 
larvae injected with DY 3 were similar to those obtained 
with control tissue. A great part of the cytoplasm of 
the oocyte remained basophilic (Fig. 23) in that it 
stained with methyl green. The membrane around the fol¬ 
licle cell and the nucleoli were also stained with this 
dye. The apparent staining of the cytoplasm suggested 
that an abundance of DNA remained following injections of 
DY 3. The presence of particles within the cytoplasm 
stained positively with pyronin Y suggests the presence of 
RNA which is required for yolk synthesis. The oocyte 
cytoplasm following later injections showed a decreased 
reaction for RNA (Fig. 24). 
Glycogen Test 
Best's carmine was used to test for the presence of 
glycogen. An unstained section treated with saliva (Figs. 
25-26) demonstrates the presence of large amounts of glyco¬ 
gen in the oocyte cytoplasm, follicle cells and interstitial 
tissue. The intensity of the stain was noted by clumps of 
dense material which showed a red color when stained with 
Best's carmine. Yet, the detection of glycogen as clumps 
in oocytes of both controls (Fig. 27) and experimental 
(Fig. 28) sections was not observed in this study. If 
glycogen had been present it should have appeared as clumps 
of dense material; if dispersed or if uninterrupted, as a 
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Fig. 23. Photomicrograph of a cytochemical 
experimental injected twice with DY 3. 
Note the presence of RNA (arrow). 
Methyl Green-Pyronin Y. 45X 
Fig. 24. Photomicrograph of a cytochemical experi¬ 
mental after six injections of DY 3. A 
decreased reaction for RNA is shown. Methyl 
Green-Pyronin Y. 45X 
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Fig. 25. Photomicrograph of a non-celloidin, saliva 
treated control showing the presence of 
glycogen. Best's Carmine. 45X 
Fig. 26. Photomicrograph of a celloidin and saliva 
treated control showing glycogen as dense 
clumps of material. Best's Carmine. 45X 
Fig. 27. Photomicrograph of a celloidin and saliva 
treated control showing that no glycogen is 
present in oocytes. Best's Carmine. 45X 
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Figs. 28-29. Photomicrographs of celloidin treated 
expérimentais. Note the absence of 
glycogen in oocytes. Best's Carmine. 
45X 
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ring around the nucleus. Enclosing the above sections in 
a celloidin membrane did not alter these.observations. 
Since the cytoplasm reacted positively only after treat¬ 
ment with saliva and subsequent staining with Best's 
carmine, the above observations point to the absence of 
cytoplasmic glycogen in oocytes of Rana clamitans larvae. 
Sulfhydryl Groups (-SH) 
This experiment was conducted to determine whether 
protein-disulfide bonds are present in oocytes of 
R. clamitans larvae. If present, the next step was to 
determine if a change occurred in the -SH groups following 
treatment with DY 3. 
Immature oocytes were prepared as previously described. 
If present, protein-disulfide bonds will appear as globules 
within the cytoplasm and/or germinal vesicle, as well as on 
the oocyte surface. Figure 29 illustrates a control sec¬ 
tion fixed in Zenker's and then stained with the sodium 
nitroprusside technique. Protein-disulfide bonds were not 
indicated; however, in controls (Figs. 30,31) the surface 
of the oocyte, cytoplasm, and germinal vesicle was rich in 
basic proteins or proteins rich in -SH groups. The glo¬ 
bules produced were red to brown in color (depending on 
intensity) and are strongly stained throughout the oocyte 
cytoplasm and nucleus. This intensity in stain indicated 
abundant quantities of sulfhydryl groups. 
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Fig. 30. Photomicrograph of a cytochemical control 
fixed in Zenker's. Note the absence of 
sulfhydryl groups (-SH). Sodium Nitro- 
prusside. 45X 
Fig. 31. Photomicrograph of cytochemical control 
fixed in formalin showing the localization 
of sulfhydryl groups (-SH). Note that the 
surface of the oocyte, cytoplasm, and ger¬ 
minal vesicle are rich in sulfhydryl groups 
(-SH). Sodium Nitroprusside. 45X 
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Observations of DY 3 treated tissue showed that the 
reaction occurred primarily within the germinal vesicle 
(Fig. 32) following the third injection of the dye. 
Globule staining was no longer evident at the oocyte 
surface and within the oocyte cytoplasm. There was no 
change in -SH localization following the seventh injection 
(Fig. 33). The membranes between opposing oocytes were at 
times indiscernible. At a higher magnification, locali¬ 
zation of -SH groups was visible in the germinal vesicle 
(Fig. 34). The results of the cytochemical reactions 
presented here are summarized in Table 3. 
Transmission Electron Microscopy 
Observations made on untreated glutaraldehyde-osmium 
fixed ovaries from R. clamitans larvae revealed a single 
layer of follicle cells around each oocyte. The plasma 
membrane of the follicle cell appeared in close contact 
with that of the oocyte (Fig. 35). Each follicle cell was 
elongated and extended for a considerable distance around 
the periphery of the oocyte. Much of its volume was taken 
up by the nucleus. Other organelles were visible within 
the follicular plasm: mitochondria, endoplasmic reticulum, 
and ribosomes. An outer layer, the theca externa, and an 
inner theca interna surrounded the follicle cells. The 
plasma membrane of the follicle cell and that of the oocyte 
revealed junctional connections which are desmosome-like 
(Fig. 35). The opposing cell membranes and adjacent 
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Figs. 32-34. Photomicrographs of expérimentais after 
the third and seventh injections showing 
the localization of sulfhydryl groups 
(-SH) within the germinal vesicle. 
Sodium Nitroprusside. 45X 
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Table 3. Results of cytochemical tests on oocytes of 
Rana clamitans larvae. 
Control Oocytes Experimental Oocytes 
Technique Cytoplasm Nucleus Cytoplasm Nucleus 
Methyl green- 
Pyronin Y +
a 
+ + + 
IN HC1- 
Control ±b — ± — 
5% TCA- 
Control _c - - - 
Best's carmine - - - - 
Saliva- 
Control + - + + 
Suifhydryl (-SH) + + - ± 
a+ - Moderate activity 
b± - Weak activity 
c- - No activity 
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Fig. 35. TEM micrograph showing the close 
relationship of follicle cell to oocyte. 
Note follicle cell (FC), mitochondria 
(M), endoplasmic reticulum (ER), and 
oocyte (0). X30,000 
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cytoplasm in these areas showed a higher degree of 
osmiophilia than elsewhere. The two cells are separated 
at points by an electron transparent intercellular space 
(Figs. 35-37). 
The surface of the oocyte, the oolemma, was charac¬ 
terized by numerous microvilli (Fig. 37); however, no 
corresponding structures were observed on the surface of 
the adjacent follicle cell. The microvilli are thin pro¬ 
jections which extended into the intercellular space. 
Their length cannot be accurately determined in thin sec¬ 
tions, but it is assumed that many of these structures 
extend at least to the middle of the intercellular space. 
These structures were irregularly distributed over the 
oocyte surface and generally occurred as isolated units or 
tufts of various dimensions. A corresponding micrograph 
(Fig. 36) showed extensive areas of the surface that were 
free of these slender projections. 
Cytoplasmic Components 
The cytoplasm of the oocytes may be distinguished from 
that of adjacent follicle cells by a dense homogeneous ma¬ 
trix in the former. Ribosomes appeared to be abundant 
(Figs. 35-37). There was no evidence of a system continuous 
of vesicles within the ooplasm, but scattered profiles of 
vesicles and endoplasmic reticulum were noted (Figs. 35-37). 
It is obvious from these micrographs that endoplasmic 
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Fig. 36. TEM micrograph showing the absence of 
microvilli on the surface of the oocyte 
Note intercellular space (IS), and mito 
chondria (M). X14,000 
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Fig. 37. TEM micrograph showing the presence of 
microvilli on the surface of the oocyte. 
Note mitochondria (M), microvilli (MV), 
and intramitochondrial yolk crystals 
(IMC). X14,000 
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reticulum is not prominently developed. Within the 
ooplasm of these young oocytes there was no system that 
could be identified as granular endoplasmic reticulum. 
Intramitochondrial yolk-crystal inclusions (Fig. 36) 
were often observed (shown at higher magnification in Fig. 
37). Here it can be seen that yolk crystals were formed 
within mitochondria. Mitochondria were detected in clus¬ 
ters or in a cloud (Fig. 38). They had various configura¬ 
tions, usually round to elongate, and contained conspicuous 
plate-like cristae (Figs. 36-38). No irregularity was seen 
in the internal structure of these organelles. In addition 
to these organelles, a Golgi complex (Fig. 38) was located 
in a peripheral position. The parallel array of slender 
profiles consisted of no more than a few cisternae. Some 
of the cisternae appeared to be elongating into the 
ooplasmic matrix (Fig. 38, arrow). From all indications 
they belong to the smooth endoplasmic reticulum since their 
surfaces are not covered with ribosomes. 
Saline Treated Larvae 
The ultrastructure of all components of the ovaries 
examined in this group of animals did not differ in any way 
during any of the injections from that seen in the untreated 
control animals. 
Dispersion Yellow 3-Treated Larvae 
Most of the ultrastructural changes were seen in the 
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Fig. 38. TEM micrograph showing the presence of a 
Golgi complex (G). Note follicle cell 
(FC), desmosome (D), and mitochondria (M). 
X28,000 
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oocyte-follicle cell relationship and the organelles of 
the oocyte proper. However, folio-wing the first two in¬ 
jections of DY 3, there were no changes in the oocyte-fol¬ 
licle cell relationship, nor did the intracellular matrix 
of the oocyte differ greatly from that previously described 
for the controls. 
The theca externa, shown in Fig. 39, was intact and 
closely applied to the follicle cell. The intercellular 
matrix appeared electron transparent. Microvilli of the 
oocyte surface protruded into the intercellular matrix 
(Fig. 40). Between the follicle cell and the oocyte mem¬ 
brane, junctional contacts were demonstrable (Fig. 41). 
These junctional areas resembled those previously shown in 
control material. A higher magnification of these 
junctional areas is represented in Fig. 42. 
No histochemical studies were done to determine 
specifically what types of junctions were present. However, 
based on the similarity of these structures to those referred 
to as desmosomes by Anderson and Beams (1959), junctional 
areas in this study will hereafter be referred to as 
desmosomes. 
On the cytoplasmic surface of the desmosomes, an area 
of electron dense material was observed (Fig. 42), into 
which numerous fibrils converged. These fibrils are simi¬ 
lar in appearance to tonofilaments. The desmosomes appeared 
to remain intact, or at least showed no major morphological 
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Fig. 39. TEM micrograph of an experimental injected 
twice with DY 3. There is no change in 
the follicle cell-oocyte relationship. 
Note the theca externa (TE), intercellular 
space (IS), mitochondria (M), follicle cell 
nucleus (FCN), and ribosomes (R). X28,000 
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Fig. 40. TEM micrograph of an experimental injected 
twice with DY 3 showing the presence of 
microvilli. Note theca externa (TE), 
desmosome (D), yolk body (YB), lipids (L), 
and mitochondria (M). X21,000 
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Figs. 41-42. TEM micrographs of expérimentais 
showing the presence of desmosomes. 
41. There is no change in the degree of 
electron density. Note desmosomes (D), 
yolk body (YB), and mitochondria (M). 
X63,000 
42. A higher magnification of a desmosome (D) 
is shown. Note the presence of fibrils 
(Fi). X350,000 
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modifications (Figs. 40-42). As to the intracellular 
matrix of the oocyte, there were no changes that differed 
greatly from those observed in the controls. Numerous 
mitochondria of the cristae type (Fig. 40), yolk bodies 
(Fig. 43), and intramitochondrial yolk crystals were still 
visible (Fig. 43). 
Most of the ultrastructural changes were observed 
following the third injection of DY 3. One of the first 
structures to show alterations was the theca externa (Fig. 
44). This structure became partially removed from the 
surface of the follicle cell. Often the alteration was 
so great that the follicle cell was completely displaced 
(Fig. 45). Subsequently, membranous and fibrillar material 
were released into the surrounding interstitial tissue. 
Concomitantly with this alteration was the appearance of 
membranous and vesicular material within the intercellular 
space (Fig. 46). Even though some junctions appeared to 
show changes in the membrane-associated electron density, 
they were borderline and not consistent enough to be con¬ 
sidered different from the controls (Fig. 44). There was 
the appearance of numerous lipid-like structures (Fig. 47) 
in close association with vesicles, and a decrease in the 
number of mitochondria. Many vesicular elements were close 
to the mitochondria and, in some instances, there was an 
apparent fusion of the two structures. 
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TEM micrograph of an experimental injected 
twice with DY 3. Intramitochondrial yolk 
crystals (IMC) are still present after early 
injections of the dye. X22,000 
Fig. 43. 
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Fig. 44. TEM micrograph of an experimental injected 
three times with DY 3. There is partial 
removal of the theca externa (TE) from the 
surface of the follicle cell (FC). Note 
theca externa (TE), follicle cell (FC), 
nucleus (N), endoplasmic reticulum (ER), 
and mitochondria (M). X25,000 
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Fig. 45. TEM micrograph of an experimental injected 
three times with DY 3. There is complete 
displacing of the follicle cell (FC). Note 
theca externa (TE), oocyte (0), and 
desmosome (D). X28.000 
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Fig. 46. TEM micrograph of an experimental injected 
with DY 3. Membranous and vesicular 
material is present within the inter¬ 
cellular space. Note theca externa (TE), 
intercellular space (IS), concentric 
membranous organelle (CMO), mitochondria 
(M), and yolk body (YB). X36,000 
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Fig. 47. TEM micrograph of experimental injected 
with DY 3. Numerous lipid-like structures 
associated with vesicles are shown. Note 
lipids (L) and mitochondria (M). X18,000 
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Fig. 48. TEM micrograph showing desmosomes after the 
fifth injection of DY 3. There is a 
generalized decrease in electron density. 
Note follicle cell (FC), desmosome (D), 
intercellular space (IS), and mitochondria 
(M). X28.000 
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Cell junctions after the fifth injection of the dye 
showed a generalized decrease in density adjacent to the 
cytoplasmic surface of the membranes of the desmosomes 
(Fig. 48). This decrease in density was so great that at 
times the junctional areas were difficult to locate. In 
some of the affected cell contacts, there was a noticeable 
separation of the cells (Fig. 49), thus increasing the 
surface area of the intercellular space. A desmosome 
contact in the process of separating may be seen in Fig. 49. 
After the final two injections of DY 3, most of the desmo¬ 
somes varied in form from decreased density to actual sepa¬ 
ration of cells (Figs. 50-51). A desmosome is shown on the 
follicular membrane which retained its electron density, 
although no longer associated with the oolemma (Fig. 50). 
Analysis of the surface of the oocyte revealed that in some 
instances the surface of the oocyte was completely smooth 
(Figs. 49-50). At other times there was only a decrease in 
the number of microvilli (Fig. 51). 
Associated with the increased surface area of the 
intercellular space were multivesicular bodies (Fig. 52). 
These structures are characterized by the presence within 
them of numerous small vesicles. In some instances the 
presence of a dense membranous body was located more or 
less at the center of the larger multivesicular body. Due 
to the presence of vesicles within this membranous body, 
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Fig. 49. TEM micrograph of an experimental injected 
six times with DY 3. There is an increase 
in the surface area of the intercellular 
space (IS) arrow. Note desmosome (D), 
endoplasmic reticulum (ER), and mitochon¬ 
dria (M). X34,000 
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Figs. 50-51. TEM micrographs of expérimentais 
injected six times with DY 3. 
50. A desmosome (D) is shown on the 
follicular membrane. Note inter¬ 
cellular space (IS), mitochondria 
(M). X14,000 
51. Note that the follicle cell and oocyte 
(0) have separated. Note intercellular 
space (IS), microvilli (MV), and 
mitochondria (M). X20,000 
M
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Fig. 52. TEM micrograph of an experimental injected 
with DY 3. Note the presence of multi- 
vesicular bodies (mvb) within the inter¬ 
cellular space (IS). Note oocytes (0), 
mitochondria (M), follicle cell (FC). 
X28,000 
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Fig. 53. TEM micrograph of an experimental showing 
membranous material within the inter¬ 
cellular space. Note intercellular space 
(IS), concentric membranous organelle (CMO), 
and mitochondria (M). X18,000 
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it is most similar in appearance to a nuclear body or 
nucleoid. Membranous materials were also found free within 
the intercellular space (Fig. 53). Often times these 
structures were multicentric but unicentric membranous 
material was also observed. Vesicles were shown to be 
closely associated with these structures. In Fig. 54 a 
structure similar in appearance to a multivesicular body 
is shown; however, its morphology is more like a lysosome 
(or autophagosome). It completely fills the intercellular 
space and appears to be continuous with the membranes of 
the two cells, suggesting that a breakdown in membrane 
structure has occurred. 
Further changes in organelles within the ooplasm were 
observed in sections of tissue from larvae that received 
the final (7th) injection. There was a characteristic 
change in the structural appearance of mitochondria in that 
they contained fewer and broader cristae (Figs. 53-54), but 
at times the cristae were not distinguishable (Figs. 54-55) 
due to the presence of a dense homogeneous matrix. The 
observed distortion in mitochondria structure was fre¬ 
quently associated with the close proximity of vesicular 
endoplasmic reticulum which on occasion appeared to encircle 
or invaginate the mitochondria (Fig. 55, arrow). These 
vesicles of endoplasmic reticulum frequently contained 
electron opaque and electron dense material. Long strands 
of endoplasmic reticulum were observed in close proximity 
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Fig. 54. TEM micrograph of an experimental injected 
seven times with DY 3. Note the presence 
of fewer and broader cristae. Note lipid 
(L), mitochondria (M), microvilli (MV), and 
lysosome (Ly). X22,000 
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Fig. 55. TEM micrograph of an experimental injected 
seven times with DY 3. Note the appearance 
of vesicular endoplasmic reticulum and long 
strands of endoplasmic reticulum (ER), 
follicle cell (FC) and mitochondria (M). 
X27,000 
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Fig. 56. TEM micrograph of an experimental injected 
seven times with DY 3. Note theca externa 
(TE), follicle cell (FC), intercellular 
space (IS), mitochondria (M), multivesicular 
bodies (mvb), and lipid (L). X8,000 
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to the oolemma (Fig. 55), as if they are in continuity with 
the oolemma. There was a generalized decrease in density 
on the surface of these structures. The profiles of 
endoplasmic reticulum were larger than those evident in 
control oocytes and sections depicting earlier injected 
tissue. An increase in vesicles was observed (Fig. 55). 
These structures are only slightly larger than those within 
the multivesicular bodies and lysosomes. Large vacuoles 
containing sparse, electron dense material were also 
apparent. Less electron dense whorls of membranous ma¬ 
terial were observed within the ooplasm (Fig. 56), closely 
associated with mitochondria. 
Nucleus 
The nucleus of the controls and expérimentais consisted 
of a nuclear envelope with two parallel membranes separated 
by a perinuclear space (Figs. 57-58). The inner membrane 
is in close contact with the granular material that fills 
the nucleus and is perforated (Figs. 57-58). Areas of 
granularity interspersed with prominent nucleoli were 
visible in the nucleus (Fig. 58). Several smaller nucleoli 
are shown in Fig. 59. The general appearance and density 
of the ooplasm was apparently different from the nucleo¬ 
plasm of the oocyte. In the electron microscope image, 
this nucleoplasm appeared as a fine, fluffy, homogeneous 
material, with areas of greater density scattered through¬ 
out (Fig. 60). 
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Fig. 57. TEM micrograph showing the nuclear 
envelope. Note nuclear pores (NP) 
and nucleus (N). X170,000 
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Fig. 58. TEM micrograph showing the nuclear 
envelope. Note nucleolus (Nu). 
X65,000 
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Fig. 59. TEM micrograph showing nucleoli. 
nucleolus (Nu), nucleus (N), and 
juxtanuclear particles (arrow). 
Note 
X12,000 
Ill 
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Fig. 60. TEM micrograph showing aggregates of 
electron dense material adjacent to 
the nuclear membrane. Note nucleolus 
(Nu), nucleus (N), juxtanuclear 
particles (arrow). X48,000 
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Directly adjacent to the nuclear envelope were 
aggregates of electron dense material found outside the 
nucleus. These granules are located in the region where, 
in light microscope preparations, there was a positive 
reaction for ribonucleoproteins. Some of the particles 
were shown in the process of passing through the nuclear 
pore (Fig. 60). At higher magnification (Fig. 61), these 
aggregates were round to elongate and not bound by a 
membrane. They appeared as a complex group of dense parti¬ 
cles embedded in a lighter homogeneous matrix. 
A section through the nucleus of a larva receiving 
one injection of the dye (Fig. 62) showed a greater 
number of these juxtanuclear particles than observed in 
control tissue (Fig. 63). This increase was, however, only 
temporary, for following the third injection, the number of 
particles had decreased (Fig. 64) and was less than that 
previously observed in controls. This decrease in aggre¬ 
gates coincided with the beginning of other ultrastructural 
changes already reported to have occurred after the third 
injection. Associated with this decrease in aggregates was 
a change to an irregular configuration of the nuclear mem¬ 
brane. This membrane was convoluted (Fig. 64), thus tending 
to increase the surface area of the nucleus. 
No change in the number of aggregates occurred after 
the sixth injection (Fig. 65). The density of these 
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Fig. 61. TEM micrograph showing aggregates of 
particles. Note juxtanuclear particles 
(arrow). X61,000 
us 
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Fig. 62. TEM micrograph showing aggregates of 
particles after the first injection of 
DY 3. Note nucleus (N) and juxtanuclear 
particles (arrow). X8,000 
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Fig. 63. TEM micrograph showing juxtanuclear 
particles in a control. Note nucleus 
(N) and juxtanuclear particles (arrow). 
X45,000 
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Fig. 64. TEM micrograph showing particles after 
sixth injection of DY 3. Note convoluted 
nuclear envelope (CNE), juxtanuclear 
particles (arrow), and nucleus (N). 
X46,000 
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Fig. 65. TEM micrograph showing particles after the 
sixth injection of DY 3. Note nucleus (N), 
juxtanuclear particles (arrow), and mitochon¬ 
dria (M). X72,000 
tT
S
 
124 
125 
particles is similar to that of free ribosomes distributed 
throughout the ooplasm. An apparent increase in these 
particles was observed following the last injection of 
the dye (Fig. 66). Associated with this increase was 
granular endoplasmic reticulum (Fig. 66) as long lamellar 
sheets. These structures were only observed following the 
seventh injection and were in close association with the 
nuclear membrane and mitochondria. They appeared to be 
spaced uniformly from one another. Most of the ribosomes 
are attached to the extensive membrane systems, but free- 
floating ribosomal aggregates were observed. These struc¬ 
tures are probably polysomes. 
Chromosome Analysis 
The principal objective of these experiments was to 
determine if DY 3 caused any detectable aberrations in the 
chromosomes. The normal diploid chromosome number for Rana 
clamitans was shown to be 26 chromosomes (Fig. 67). As shown 
in Table 4 and illustrated in Figs. 67-68, preparations from 
saline-injected and non-injected regenerating tail squashes 
did not show abnormal chromosomes in controls. 
A karyotype of a normal tail squash from Rana clamitans 
is shown in Fig. 68. The karyotype presented here is based 
on the one established by DiBerardino (1962) for Ran a 
pipiens. Group 1 consists of chromosomes 1 to 4. These 
chromosomes can be distinguished on the basis of being the 
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Fig. 66. TEM micrograph showing particles after 
the seventh injection of DY 3. Note 
granular endoplasmic reticulum (GER), 
mitochondria (M), nucleus (N), nucleolus 
(Nu), and polysomes (P). X48,000 
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Fig. 67. Photomicrograph showing normal diploid 
chromosomes for R. clamitans. X100 
Fig. 68. Photomicrograph showing karyotype of normal 
tail squash for R. clamitans. X100 
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Group 1 
H K* 
5 6 
Group 2 
*>s n H 
10 11 12 
13 
rour 3 
Group 4 
Group 5 
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Table 4. Chromosomal analysis of regenerating tail 
squashes from R. clamitans larvae (controls). 
Larvae No. of cells 
counted 
No. of chr. a 
(diploid) 
Abnormal 
chr. 
1 (inj.)b 25 26 0 
2 13 26 0 
3 18 26 0 
4 (non-inj. )c 19 26 0 
achr. - chromosomes 
binj. - injected with saline and allowed to 
regenerate. 
cnon-inj. - only allowed to regenerate. 
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Fig. 69. Photomicrograph showing a gap in a 
chromosome (arrow). X100 
Fig. 70. Photomicrograph showing a dicentric 
in a chromosome (arrow). X100 
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largest metacentrics. 
Group 2 consists of chromosomes 5 and 6, which are 
both small metacentrics. Group 3 comprises numbers 7 and 
8, with number 7 having a secondary constriction. Group 
4 (numbers 9 and 10) shows noticeable size differences, 
and Group 5 has three small chromosomes, numbers 11, 12, 
and 13. As reported by DiBerardino (1962), numbers 11 
and 12 are difficult to distinguish from one another and 
number 13 is the smallest pair of chromosomes. 
Squash preparations from tail regenerates of exposed 
larvae showed some aberrations. Gaps in chromosomes 
represented the most frequent abnormality (Fig. 69). In¬ 
jected regenerating and injected nonregenerating tail 
squashes from DY 3 larvae showed several aberrations. 
Gaps remained as the main type of aberration, but, as 
shown in Table 5 and Figs 70-72, dicentrics, rings and 
breaks were also found. The average number of aberrations 
per damaged cell was usually one. Chromatid breaks with 
interruption of the continuity of the chromatid and dislo¬ 
cation of the distal fragment were seldom seen. 
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Table 5. Results of tail squash analyses after exposure of R. clamitans 
larvae to Dispersion Yellow 3. 
Larvae No. of Cells 
counted 
No. Cells 
with One 
or More 
Aberrations 
Types of Chromosomal Aberrations Observed 
Dicentric Break Gap Other 
1 (inj. )a 15 12 2 5 4 1 
2 10 5 1 2 2 
3 6 2 1 1 
Totals 31 19 4 7 6 2 
4 (regen. )b 5 2 2 
5 21 3 3 
6 8 1 1 
7 15 1 1 
Totals 49 7 7 
3/ in j . - injected, regenerated, and squashed. 
bregen. - regenerating tadpoles placed in dye suspension. 
1
3
4
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Fig. 71. Photomicrograph showing a 
as a ring (arrow). X100 
chromosome 
Fig. 72. Photomicrograph showing a chromatid 
with a break (arrow). X100 
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CHAPTER V 
DISCUSSION 
Data have been presented on the toxic effects of 
Dispersion Yellow 3 (DY 3) which was injected subcutaneously 
into R. clamitans larvae. The dye was most effective in 
interfering with oocyte development beginning with the 
third injection, since exposure to the dye after the first 
two injections had no visible effect on the larvae. On 
the other hand, with the third and succeeding injections, 
there was a high percentage of larvae that showed morpho¬ 
logical alterations. 
The most frequent morphological change was edema of 
the body cavity. Edema of R. clamitans larvae exposed to 
X-rays was observed by Levine (1932). Chang, Reuhl and 
Dudley (1974) reported extensive edema of the body and hind 
legs in R. pipiens tadpoles treated with methylmercury 
chloride. According to Levine (1932), this condition has 
also been observed in animals placed under other unfavorable 
conditions, such as lack of food or oxygen. The observed 
edema of the body cavity was caused by an accumulation of 
body fluids which was probably caused by internal altera¬ 
tions (Levine, 1932). Since the tadpole is essentially an 
aquatic organism that must maintain a constant osmotic and 
electrolyte equilibrium between its body fluid and the 
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surrounding environment (Chang, Reuhl, and Dudley, 1974), 
this distension of the body cavity by clear fluids may 
represent a disturbance of such an osmo-regulatory sys¬ 
tem, resulting in the failure of the tadpole to eliminate 
influxes of fluids following injections. 
Cytochemical observations demonstrated that DY 3 acted 
on the oocyte to cause a change in the -SH content. There 
was an apparent decrease in oocyte surface and cytoplasmic 
protein-disulfide bonds, but concurrent with this decrease 
was an increase in germinal vesicle protein-disulfide bonds. 
The increase in the amount of protein -SH in the nucleus 
usually occurs at the end of oogenesis (Raven, 1961). The 
characteristic strong reaction of -SH groups in the nucleo¬ 
plasm is consistent with findings in Nereis, Asterias, 
Lebistes, Amphibia, and others (Raven, 1961). The suggestion 
is that DY 3 alters the distribution of -SH proteins during 
oogenesis. 
The cytochemical reactions of the -SH groups coincided 
with the observed edema of the tadpoles. The effect DY 3 
has on the -SH groups may be similar to that of mercury 
on the -SH groups of the cell membrane. Vallee and 
Ulmer (1972) reported that all forms of mercury have a 
strong affinity for proteins, specifically the cysteinyl 
and histidyl side chains of amino acids; therefore, as 
reported by Vallee and Ulmer (1972), mercury can have an 
inhibitory effect on a number of enzyme systems due to 
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interactions with protein sulfhydryl. Passow et al. (1961) 
and Clarkson (1972) reported that mercury caused a 
generalized membrane dysfunction. Hence, if such a 
dysfunction occurred in this study, it may have been due 
to the dye exerting physical stresses on membrane struc¬ 
tures, possibly as a result of cross-linkages. The physical 
stress would eventually lead to a reduction in active trans¬ 
port, a generalized breakdown in selective permeability and, 
therefore, a disturbance in electrolyte balance. Membrane 
dysfunction may have occurred through inhibition of 
membrane-associated enzymes (such as ATPase) as suggested 
by Passow et aH. (1961). 
Observations were not made in this study to determine 
if the disturbance caused further development and differen¬ 
tiation of the tadpoles to be arrested. Similar reports by 
Chang, Reuhl, and Dudley (1974) with R. pipiens tadpoles 
did indicate a,rrested development and differentiation. The 
early death of tadpoles exhibiting edema after exposure to 
DY 3 is in agreement with observations by Levine (1932) 
using X-rays, and Bell (1924), Dilling and Healey (1926), 
using weak solutions of metals such as lead, copper, thalium 
and berrylium. 
The follicle cell-oocyte relationship showed the most 
striking changes in microscopic examinations. Light micro¬ 
scopic analyses revealed that the effects of DY 3 occurred 
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with the third and succeeding injections of the dye. The 
effect of the dye was such that eventually the follicle 
cells were no longer closely applied to the surface of 
the oocyte. The detachment of follicle cells from 
irradiated mouse oocytes was observed by Parsons (1962). 
He reported that removal of follicle cells in that study 
was caused by a progressive shrinkage of the oocyte. 
However, Brambell, Parkes, and Fielding (1927) reported 
that irradiated mouse oocytes resulted in the degeneration 
of young follicle cells. These investigators also ob¬ 
served that follicle and theca interna cells hypertrophied 
and later disintegrated, leaving fat droplets in their 
vicinity. Burkl and Schiechl (1978) observed that Busul- 
phan inhibited the growth and development of follicles in 
rat ovaries until they eventually degenerated. These 
findings are in agreement with later injections of DY 3 
which caused further disruption in follicle cell morphology. 
Levine (1932) indicated that associated with the removal of 
follicle cells was an increase in number of interstitial 
cells, especially around degenerating cells of irradiated 
oocytes. This is not in agreement with observations in 
this study, because a progressive loss of interstitial 
cells was observed. 
Electron microscopic observations supported findings 
from light microscopy. All aspects of the ovary were 
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examined; however, DY 3 had the most pronounced effect on 
the membranes of the follicle cells and oocyte. Other 
investigators (Chiquoine, 1964; Berliner and Jones-Witters, 
1975) reported that cadmium caused similar effects in the 
testes of the rat. The primary site of action of DY 3 
was at the junctional complexes connecting the two cells. 
A similar observation was made by Rothstein (1959) in 
mammals. He reported that the cell membrane and junctions 
were the sites of heavy metals. Anderson and Beams (1959) 
referred to similar junctional complexes as desmosomes. 
These findings are consistent with Berliner and Jones- 
Witters (1975) who reported that the junctions between 
endothelial cells was affected by cadmium. The most notice¬ 
able and consistent change occurring in the desmosomes was 
a decreased electron density in the cytoplasm adjacent to 
the membranes. Similar changes were observed in EDTA 
treated oxyntic cells of R. pipiens (Sedar and Forte, 1964). 
Sedar and Forte (1964) indicated that the dense appearance 
of the desmosomes suggested a possible modification in 
structure. 
The mechanism of DY 3 affecting the desmosomes is 
unknown. Since it is known that calcium plays an important 
role in the maintenance and integrity of cell junctions, 
especially desmosomes (Muir, 1967; Sedar and Forte, 1964), 
possibly DY 3 and calcium are competing with one another, 
with DY 3 partially or completely replacing calcium. 
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If this is so, then the observed changes at the junction would 
occur. On the other hand, if calcium is not being replaced 
by DY 3, the desmosomes are simply weakened by the effect of 
the dye. 
Concomitant with the changes observed in the desmosomes, 
is the progressive increase in the surface area of the 
intercellular matrix due to the separation and removal of 
follicle cells from the surface of the oocyte. Eventually 
there was complete separation of the two closely associated 
cells. Taylor and Anderson (1969) have reported that as 
vitellogenesis is initiated and/or proceeds, there is an 
increase in the separation between follicle cells and oocyte. 
They also reported that associated with this separation is 
partial separation of the junctional complexes. Consequently, 
as vitellogenic activity increases, separation of desmosomes 
continues until, near the end of vitellogenesis, a substan¬ 
tial space is formed (Taylor and Anderson, 1969). If complete 
separation eventually occurs during vitellogenesis, then the 
separation observed in this study can be likened to an ad¬ 
vanced state in development. 
The increased surface area of the intercellular space 
led to the presence of short microvilli on the exposed 
oolemma. Generally this occurs during vitellogenesis (Taylor 
and Anderson, 1969). There was a subsequent decrease and, 
at times, a complete disappearance of microvilli from the 
surface of the oocyte. Possibly, when this occurred 
143 
cytoplasmic material from the oocyte passed into the 
intercellular space, signaling a process of degeneration 
which is reminiscent of normal atresia in mammals where 
oocytes are arrested at some stage or other of growth and 
become atretic (Guraya, 1977). 
Electron microscopy significantly extended the above 
information by showing that associated with this separation 
was a disruption in the theca externa, theca interna, and 
obvious changes within the intercellular matrix. One change 
was the occurrence of multivesicular bodies. A high inci¬ 
dence of multivesicular bodies has been observed in degenerat¬ 
ing atretic oocytes of the rat (Franchi and Mandl, 1963). 
It is of interest that they are often observed with mem¬ 
branous material in the center, referred to as a nucleoid in 
this study. The significance of these structures is not 
known, however, multivesicular bodies without nucleoids occur 
regularly in oocytes of other species (Sotelo and Fujillo- 
Cenoz, 1957). Yet, multivesicular bodies are not confined 
only to oocytes. In the form without a nucleoid, they are 
found in Ch1amydomonas (Sager and Palade, 1957), in baso¬ 
philes (Palade, 1952), and others. Perhaps the multivesicu¬ 
lar bodies observed in this study break down and the enclosed 
nucleoids form new ones as suggested by Sotelo and Porter 
(1959). 
Another organelle observed within the intercellular 
matrix was a lysosome (or autophagosome). The origin of 
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this structure is not understood, but it is thought to form 
from pre-existing cytomembranes, endoplasmic reticulum, or 
vesicles (Threadgold, 1976). 
Whorls of membranes similar in appearance to structures 
termed myeloid bodies by Hruban ejt ad. (1972) were also 
observed. Gray (1976) observed similar structures in a 
fungus (Pseudorobillarda phragmitis) and referred to such 
structures as concentric membranous organelles. In the cur¬ 
rent study some unicentric membranous bodies were observed, 
although multicentric ones predominated. Unicentric and 
multicentric membranous bodies have been induced by a 
variety of drugs in many different tissues (Read and Bay, 
1971; Hruban et al., 1972). Such structures have been re¬ 
ported to be specific forms of lysosomes and to possibly 
represent a cellular reaction to injury (Hruban ejt al. , 1972) 
Accompanying the changes in the membranes and the inter¬ 
cellular space was the presence of electron dense granules 
in close association with the nuclear envelope. The area 
just external to the nucleus was visualized as RNA positive 
material in the light microscopic methyl green-pyronin Y test 
As reported by Anderson and Beams (1956), these granules are 
thought to be derived from the nucleus and find their way 
into ooplasm through the nucleopores. Several investigators 
(King and Devine, 1959; Anderson and Beams, 1956; Lanzavec- 
chia and Mangioni, 1964) have reported the passage of nuclear 
material through the nuclear pores into the cytoplasm. 
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Anderson and Beams (1960) referred to these granules as 
ribonucleoprotein particles in the current study. 
After the first two injections of the dye, there was 
an apparent increase in RNP granules, but a decrease in 
density followed subsequent injections. Wittek (1962) 
reported that the RNA content of the cytoplasm decreased 
with growth of the oocyte, and this decrease began early 
during the growth period, as in Artemia, or later when 
yolk formation began, as in Rana. Raven (1961) noted that 
decreased RNA may occur in the course of vitellogenesis 
as in Daphnia and Cyclops. The decrease could be explained 
by the RNP character of these granules or by a specific or 
non-specific inhibition of nucleo-cytoplasmic migration 
processes by DY 3. There is special support for the first 
line of interpretation in the work of Scheer (1970), who 
reported an actinomycin-induced disappearance of the RNP- 
helices in Amoeba proteus which were known to represent 
nucleo-cytoplasmically migrating particles. 
Considering a possible reduction of nucleo-cytoplasmic 
RNA-transfer in the presence of DY 3, one should keep in 
mind, however, that many antibiotics that interfere with pro¬ 
tein synthesis can also bring about a reduction in RNA- 
transport (Jackson and Studzinski, 1968), It seems con¬ 
ceivable that, a reduction in nucleo-cytoplasmic RNA ex¬ 
change is characteristic of many types of substances that 
inhibit protein synthesis. The increase in RNP granules 
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following the seventh injection occurred simultaneously with 
the appearance of granular endoplasmic reticulum. Verhey 
and Moyer (1967) observed a similar situation in their 
study of oogenesis in the sea urchin. They reported that 
massive synthesis of RNA occurred prior to the onset of vitel¬ 
logenesis. Cowden (1962) reported from his studies of 
Lytechinus variegatus that the greatest portion of growth 
in that sea urchin was concerned with RNA synthesis and to 
a lesser degree with vitellogenesis. Although it cannot be 
concluded at this time whether the observed increase and 
subsequent decrease in granule density after injections of 
DY 3 is due to a drop in nuclear RNA-content or to a reduced 
rate of nucleo-cytoplasmic transfer, the findings as pre¬ 
sented should stimulate further studies on these granules. 
Concomitant with the increase in ribonucleoproteins was 
convolution of the nuclear membrane. In 1962, Wartenburg 
indicated that large undulations in the nuclear membrane were 
usually seen immediately prior to, but also during vitello¬ 
genesis. He further stated that the undulations increased 
the relative surface area of the nucleus. Raven (1961), 
however, reported that the enlargement of the nuclear mem¬ 
brane area was more or less independent of the multiplication 
or ribonucleoproteins. 
Concomitantly with the increase in RNP particles, as 
previously stated, was the presence of large amounts of 
granular endoplasmic reticulum (GER) in DY 3 treated cells, 
147 
at a period when the egg has been reported to be in a 
quiescent state (Beams, 1964; Kessel, 1966, 1968; Anderson, 
1964). No GER was found in oocytes prior to injections of 
DY 3. Lipsky et al. (1978) observed increased amounts of 
GER following treatment of rat liver and channel catfish 
with polychlorinated biphenyls. These observations were 
consistent with the findings in this study in that GER 
appeared as single meandering tracks. The presence of GER 
arrays was also similar to those observed in Drosophila 
ovaries (Waddington and Okada, 1960). These investigators 
indicated that the formation of double membranes into sets 
of parallel or concentric membranes occurred in cytoplasm 
which represented a degenerating phenomenon . They suggested 
that the presence of GER did not always represent the forma¬ 
tion of functioning organelles, but may be a consequence of 
the inherent physicochemical properties of the materials 
involved. A rapid increase in double membranes, either 
singly or in stacks, and of spherical bodies was observed 
by Andre'' (1958) in the oocytes of Tegeneria. He reported 
that GER increased shortly before the beginning of vitello¬ 
genesis. Raven (1961) also indicated that a radial striation 
of GER occurred at later stages of oogenesis (vitellogenesis), 
and represented a visible expression of cytoplasmic currents 
between the cytoplasm and the nucleus. Threadgold (1976) 
suggested that GER membranes were synthesized at the site 
of the outer nuclear membrane and later pushed out into the 
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cytoplasm. 
Brachet (1957) and Porter (1961) reported that GER and 
free ribosomes are both involved in protein synthesis within 
the cell. According to Birbeck and Mercer (1961) cells which 
secreted proteinaceous material had an elaborate GER while 
the so-called "retaining cells," which do not secrete the 
proteid products but retain them within their cell membranes, 
are characterized by numerous free ribosomes. 
Groups of polysomes were observed in the vicinity of 
GER membranes. These structures are essential for protein 
synthesis (Threadgold, 1976). Polysomes have been observed 
by other investigators in rapidly differentiating cells 
(Behnke, 1963; Waddington and Perry, 1963). These investiga¬ 
tors did not report polysome formations as observed in this 
study. In this study these structures were shown to be 
organized as a cluster and to be formed from the breakdown 
of GER membranes. Mahowald (1968) and Bloom and Fawcett 
(1970) proposed that the site for localization of maternal 
messenger RNA to be used during vitellogenesis was within 
the polysomes. 
Concurrent with the presence of a Golgi complex was an 
increase in vesicular material. Taylor and Anderson (1969) 
reported a similar occurrence in the sea urchin. They 
reported that this increase in vesicles occurred during 
vitellogenesis. Taylor and Anderson (1969) also reported 
that the occurrence of a Golgi complex and vesicles preceded 
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the formation of a yolk body. 
Prior to injections of the dye, only sparse smooth 
endoplasmic reticulum was observed. It is generally accepted 
that smooth endoplasmic reticulum (ER) plays only a limited 
role in oocytes (Anderson, 1964; Roth and Porter, 1964; 
Ntyrrevang, 1968; Blanchette, 1961; Odor, 1960). However, 
following injections of the dye there was an increase in 
smooth endoplasmic reticulum. This observed increase was 
similar to observations made by other investigators using 
polychlorinated biphenyls in rat liver (Kimbrough et. al. , 
1972; Kasza ejt al. , 1976), phénobarbital (Staubli et al. , 
1969), and DDT (Ortega, 1966). Smooth (ER) is most evident 
in cells concerned with steroid or lipid production 
(Threadgold, 1976). 
Mitochondria in controls appeared in various configura¬ 
tions. Anderson and Huebner (1968) reported that the various 
configurations presumably represent a stage in the division 
of the organelle. Following injections of DY 3, a change 
was observed in the number and size of mitochondria. These 
structures also showed the presence of fewer and broader 
cristae. Noyes and Smith (1959) and Parsons (1962) observed 
similar changes in irradiated rat livers. However, they 
reported that smaller mitochondria fragmented and the frag¬ 
ments were absorbed by larger mitochondria. This conclusion 
cannot be confirmed by this study. In order for such to have 
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occurred, there had to be an increase in the average unit 
mass of mitochondria, concurrently with a decrease in number 
of mitochondria. This was not observed following injections 
of DY 3. 
A decrease in intramitochondrial yolk inclusions was 
observed. Ward (1962) proposed that these intramitochondrial 
crystals are progenitors of crystals found within each of 
the oocyte yolk platelets. Massover (1971) reported that 
intramitochondrial yolk bodies were found in all sizes of 
oocytes in a variety of locations other than their usual 
intracristal site. The present observations also indicated 
that the decrease in intramitochondrial yolk inclusions 
occurred with the appearance of yolk bodies. This is in 
agreement with Ward's (1962) hypothesis that intramitochon¬ 
drial yolk-crystals evolve to form the initial crystalline 
elements in the proteid yolk organelles, the yolk platelets. 
The principal objective of experiments for chromosomal 
analyses was to determine if DY 3 caused any cytologically 
detectable aberrations in the chromosomes. Parmenter (1920) 
and DiBerardino (1962) reported that the normal diploid 
complement in Rana pipiens was 26 chromosomes. In this study, 
the normal diploid chromosome number for R. clamitans was 
also 26 chromosomes. The chromosome number and karyotype 
of R. clamitans tadpoles were determined so that there could 
be a basis for detecting any chromosomal aberrations after 
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injections of DY 3. Since no abnormal chromosomes were found 
in controls when the squash technique was used, in general, 
chromosomal aberrations would not be expected to be induced 
as a result of technique. 
The present investigation presented findings from two 
different experimental situations: (1) the response of 
regenerating tadpoles which were placed in the dye suspension, 
and (2) the toxic effects of DY 3 injected directly into the 
tadpoles. It was demonstrated that with DY 3 it was possible 
to induce aberrations in regenerating cells of R. clamitans 
tadpoles. Comparison of some 70 cells from normal controls 
with 80 cells from regenerating tails of experimental tadpoles 
furnished clear evidence that DY 3 causes chromosome and 
chromatid aberrations with the main aberrations being of the 
chromatid type. 
The end results from the two experiments were different 
in that the metaphases analyzed from permanent squash prepa¬ 
rations for tadpoles placed in the dye suspension showed 
that the major aberrations found were gaps. Of the 49 cells 
counted 14% had aberrations. In the injected tadpoles, 
analyses of aberrations showed dicentrics, breaks and gaps. 
Of the 31 cells counted 61% had aberrations. The increase 
in types of aberrations in the second group probably occurred 
as a result of increased amounts of DY 3 being injected 
directly into tadpoles. As to the effects of the formation of 
dicentrics and rings, no conclusions were drawn in this study. 
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Nevertheless, Matter and Jaeger (1975) reported that the 
formation of dicentrics and rings may lead to mechanical 
disturbances of cleavage divisions by anaphase-bridge forma¬ 
tion. They also indicated that such events can stop (or 
slow) embryonic development. 
At times it was difficult to distinguish between gaps 
and breaks, possibly resulting in an error in classifying 
the two. More breaks may have been present, but probably 
remained fixed in their original position and were seldom 
displaced. Moutschen (1961) indicated that the efficiency 
of chemicals to produce chromosome breaks was not high when 
compared with X-rays. He suggested that a possible delayed 
effect should not be disregarded. A delayed effect in pro¬ 
ducing mutations and chromosome breaks with chemicals was 
demonstrated by Ockey (1957) for some imino compounds. 
Auerbach (1973) reported that a delayed effect occurred 
with TEM, diepoxybutane, and formaldehyde. It is now known 
that some effects can be so delayed that they appear at the 
first generation after treatment (Moutschen, 1961). 
Even though the present results show that DY 3 caused 
chromosome aberrations, the information obtained is not 
adequate enough to draw general conclusions as to the muta¬ 
genicity of DY 3 on chromosomal material in germ cells. 
However, present knowledge of the toxic activity of DY 3 
emphasizes the need for more information relating to muta¬ 
genic hazards of this dye. 
CHAPTER VI 
SUMMARY 
1. This study has shown that Dispersion Yellow 3 (DY 3) 
had no effect on R. clamitans tadpoles following the 
first two injections. With the third and subsequent 
injections, tadpoles displayed erratic movements, 
extensive edema of the body, sores on the lower body, 
and internal hemorrhaging. 
2. Histological studies revealed that following the third 
and fourth injections there was less interstitial 
tissue and the follicle cells were no longer closely 
applied to the oocyte. 
3. After the sixth and seventh injections most of the 
interstitial tissue was no longer visible and the 
follicle cells were no longer associated with the 
oocyte. 
4. An apparent alteration in chromosome morphology was 
also observed following the seventh injection. 
5. Cytochemical studies revealed that DY 3 caused a de¬ 
crease in -SH groups on the surface and within oocytes, 
but an increase in germinal vesicle -SH groups. 
6. TEM and cytochemical analysis revealed that DY 3 
initially caused an increase in ribonucleoprotein 
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particles after the first two injections, but with the 
third through sixth injections a decrease in these 
particles occurred. The seventh injection caused a 
new increase in juxtanuclear particles. 
7. TEM analysis showed that the dye caused a general dis¬ 
ruption in the theca externa which resulted in dis¬ 
placement of the follicle cell. 
8. TEM studies revealed that DY 3 initially affected the 
desmosome complexes joining the follicle cells and 
oocytes. 
9. Progressive separation of the desmosome complexes re¬ 
sulted in an increase in the surface area of the in¬ 
tercellular space until the two cells were no longer 
closely applied to one another. 
10. Multivesicular bodies, some containing membranous 
material, lysosomes, and unicentric and concentric 
membranes organelles were found in the intercellular 
space. These organelles were not found in control 
tissue. 
11. Lamellar sheets of granular endoplasmic reticulum were 
observed following the seventh injection of DY 3. No 
granular endoplasmic reticulum was present in control 
tissue. 
12. Dispersion Yellow 3 was found to be toxic to chromo¬ 
somes. It produced 33% aberrant cells out of 80 meta¬ 
phase cells analyzed. 
155 
13. Chromosome and chromatid aberrations were found. These 
occurred as gaps, breaks, dicentrics, and rings. 
14. One or more aberrations per cell were observed after 
injections of DY 3. 
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